Background: Recent studies demonstrate that lipoprotein-associated phospholipase A 2 (Lp-PLA 2 ) is a risk factor for cardiovascular disease presumably deriving from generation of proinflammatory and proatherogenic species through its hydrolytic activity on lipoprotein-associated phospholipids. The goal of this study was to assess the relationship of Lp-PLA 2 with a set of thrombogenic, lipid, inflammatory, and metabolic blood markers and to determine whether plasma Lp-PLA 2 is a risk factor for recurrent coronary events in postinfarction patients. Methods: Factor analysis on the set of blood markers and Lp-PLA 2 was performed for 766 patients of the Thrombogenic Factors and Recurrent Coronary Events (THROMBO) postinfarction study. Recurrent coronary event risk was assessed as a function of blood marker concentrations and Lp-PLA 2 by Cox proportional hazards multivariable regression adjusted for significant clinical covariates. Results: Factor analysis revealed that Lp-PLA 2 was associated with one factor dominated by cholesterol and apolipoprotein B and another factor dominated by HDL-cholesterol and triglycerides, with little association with an inflammatory factor dominated by C-reactive protein. Multivariable analysis demonstrated as significant and independent predictors of risk of secondary coronary events only apolipoprotein B in a
Hydrolysis of phospholipids associated with lipoprotein particles by the phospholipase A 2 family of enzymes leads to modulation of lipoprotein particle phospholipid content and size as well as production of both pro-and antiinflammatory intermediates, all of which may serve as a basis for involvement of these enzymes in the development of atherosclerosis (1, 2 ) . Studies have shown that a member of this family, secretory phospholipase A 2 , is an independent risk factor for cardiovascular disease (CVD) 4 (3, 4 ) . Additionally, positive association of CVD with another member of the family, lipoprotein-associated phospholipase A 2 (Lp-PLA 2 ), has also been demonstrated, as reviewed recently (1, 2, (5) (6) (7) . This is in contrast to initial impressions that this enzyme was protective in atherosclerosis because of its presumed ability to deactivate platelet-activating factor (PAF), leading to its initial designation as PAF acetylhydrolase.
We recently performed multivariable analysis on a set of thrombogenic, lipid, inflammatory, and metabolic blood markers in all patients of the Thrombogenic Factors and Recurrent Coronary Events (THROMBO) postinfarc-tion study. Results showed that high concentrations of D-dimer and apolipoprotein B (apoB) and low concentrations of apolipoprotein A-I (apoAI) are significant and independent risk factors for recurrent coronary events (8 ) .
In a subsequent study, we demonstrated that only apoB was a significant predictor of risk for nondiabetic patients of the THROMBO study (9 ) . It is thought that Lp-PLA 2 is predominantly bound to LDL, where it is presumed to be largely proinflammatory and/or proatherogenic in contrast to HDL, where binding is less but where the Lp-PLA 2 is thought to be antiinflammatory and/or antiatherogenic.
In view of the close association of Lp-PLA 2 with CVD risk (1, 2, (5) (6) (7) , we hypothesized that this tendency would also be present in myocardial infarction patients. We tested this hypothesis by assessing Lp-PLA 2 as a predictor of risk of recurrent coronary events in nondiabetic patients of the THROMBO study, using multivariable modeling with adjustment for significant clinical covariates. We also examined the relationship of Lp-PLA 2 with a set of thrombogenic, lipid, inflammatory, and metabolic blood markers, using factor analysis.
Materials and Methods study population
The study population comprised 766 patients of the postinfarction THROMBO study who were nondiabetic and had complete laboratory data. Diabetic patients were excluded to give a more homogeneous study population, to minimize potential confounding of results for the majority of patients, who were nondiabetic. Details of the entire THROMBO study population (8 ) and of the present study population (9 -11 ) have been reported previously; and as noted, the study was carried out with approval of and according to guidelines of the Research Subjects Review Boards. Recurrent coronary outcome events for this study were cardiac death, myocardial infarction (MI), or unstable angina [hospitalization during follow-up with an increase in either frequency or duration of angina symptoms or with development of new angina at rest, with both requiring ischemic electrocardiographic (ECG)] changes without enzyme increases), whichever occurred first. Mean patient follow-up was 26 months.
blood markers
Blood markers in fasting sera were determined 2 months after the index MI. Concentrations of the following markers were determined as described previously (8, 10 ) : apoB, total cholesterol, apoAI, HDL, triglycerides, LDL peak particle diameter, glucose, insulin, body mass index (BMI), plasminogen activator inhibitor-1, lipoprotein(a), C-reactive protein (CRP), von Willebrand factor antigen, fibrinogen, D-dimer, factor VII, and factor VIIa. Gradient gel electrophoresis was used to determine LDL peak particle diameter and median HDL particle diameter as described previously (12, 13 ) . Plasma Lp-PLA 2 activity was determined by a commercial colorimetric assay (Cayman Chemical Co.) with 2-thio-PAF as substrate and according to the manufacturer's directions; enzymatic hydrolysis of the acetyl thioester bond was detected with 5,5Ј-dithio-bis-(2-nitrobenzoic acid) at 405 nm. Two control products were run with each assay. Between-assay CVs were 1.6% for a low control and 5.6% for a control near the sample mean; all but 2 samples gave rates greater than the low control. Samples were run in duplicate, and the mean CV was 2.5%. Enzyme activity was expressed in units of mol ⅐ min Ϫ1 ⅐ mL Ϫ1 .
statistical analyses Statistica 7.0 (StatSoft, Inc.) was used for all statistical and graphical analyses. Linear regression was used to adjust variables for age. Significant differences between populations were assessed by Mann-Whitney U-test. Factor analysis was used to elucidate the relationship of Lp-PLA 2 with other laboratory markers and pathophysiologic processes. Factor analysis was performed as described previously (9 ) with use of the normalized varimax rotation approach to aid in factor identification. A factor loading magnitude Ͼ0.4 was the criterion used for inclusion of variables in a factor. Factor analysis is an exploratory data analysis technique for simplification of multivariable data sets having significant intercorrelation among variables. The technique identifies subsets of variables that are thought to represent more basic underlying explanatory processes, in this case physiologic associations. Factor analysis simplifies multivariable data by generating a set of new variables, termed "factors", that are fewer in number than the set of original variables while at the same time accounting for a significant proportion of variance in the original data. This enables factors to faithfully represent the original data set. Each factor is associated with a subset of the original variables according to a "factor loading" that represents the correlation of each variable with the particular factor and thus is a measure of the strength of the association of the variable with the factor.
Significant variables contributing to time to outcome event were determined by Kaplan-Meier analysis (log rank statistic, P Ͻ0.05) and the Cox multivariable proportional hazards regression model. Associations between variables were assessed by use of Spearman correlation coefficients. Multiple regression was performed by a forward stepwise approach with order of entry according to highest correlation. Only independent variables having correlation coefficients with the dependent variable significantly different from zero were included in the model (to minimize multicollinearity effects), and regressionassociated contributions to variance of the dependent variable by independent variables were estimated as the square of multiple correlation coefficients derived from the regression models.
multivariable risk models
To assess risk of secondary coronary events as a function of blood marker variables, we used Cox regression analysis of the study population, using 17 laboratory markers and Lp-PLA 2 as independent variables with adjustment of the clinical covariates-sex, race, smoking, previous MI (an MI before the entrance MI into the study), myocardial index [index infarct type by ECG (Q-wave vs non-Qwave)], pulmonary congestion, ejection fraction during entrance MI [EF30 (Ͼ0.30 vs Յ0.30)], and claudicationfound to be significant with single entry into the model at P Ͻ0.1. Blood markers were dichotomized as the highest risk quartile vs the 3 lower risk quartiles combined (for all markers except HDL and apoAI, dichotomization was according to quartile with the highest concentration vs a combination of the 3 quartiles with lower concentrations; for HDL and apoAI, dichotomization was according to the lowest concentration quartile vs a combination of the 3 quartiles with the highest concentrations). Separate univariate models were run for each laboratory variable dichotomized as described above. A multivariable model adjusted for significant clinical covariates was then run with simultaneous entry of all univariate significant laboratory values (P Ͻ0.05). Lastly, assessment of medication effects was performed by single entry into the resulting model of the following medications: statins, beta blockers, aspirin, calcium channel blockers, nitrates, angiotensinconverting enzyme (ACE) inhibitors, and oral anticoagulants (P Ͻ0.05). With the dichotomization scheme for biomarkers as described above and use of the overall raw recurrent coronary event rate of ϳ16% for the entire study population as a base for the combined lower-risk 3 quartiles and with statistical significance set at ␣ ϭ 0.05, we obtained the following values for statistical power for detecting recurrent coronary event rates in the high-risk quartiles relative to base: 26% for an increase in recurrent coronary event rate from 16% to 20%, 69% for an increase from 16% to 24%, and 94% for an increase from 16% to 28%.
Results
The clinical and laboratory characteristics of the study population have been given previously (10 ) . In summary, patients were 77% male, 79% white, had a mean age of 58 years, were overweight, and had increased triglyceride and low HDL-cholesterol concentrations. Additionally, 35.6% of patients had metabolic syndrome according to slightly modified criteria (11 ) of the Adult Treatment Panel III of the National Cholesterol Education Program.
relationship of Lp-PLA 2 with other blood markers Spearman correlation coefficients between Lp-PLA 2 and the remaining blood markers (Table 1) were significantly different from zero (P Ͻ0.01) for apoB, cholesterol, HDL, triglycerides, LDL peak particle diameter, factor VIIa, and HDL median diameter. These markers were then used as independent variables in forward stepwise multiple regression with Lp-PLA 2 as dependent variable. This indicated for Lp-PLA 2 significant and independent contributions from cholesterol, HDL, apoB, and factor VIIa. Approximate contributions to Lp-PLA 2 regression-associated variance were as follows: cholesterol, 20%; HDL, 17%; apoB, 1%; and factor VIIa, 1%.
Results of factor analysis of the 17 blood markers plus Lp-PLA 2 (Table 2) were similar to corresponding factor analysis results for the set of blood markers without Lp-PLA 2 as reported previously (10 ) in that 5 factors were generated that could be identified as associated with cholesterol-lipoprotein, dyslipidemia, glycemia, inflammation, and coagulation. Regarding Lp-PLA 2 , Table 2 shows a split in its factor association almost equal between the cholesterol-lipoprotein and dyslipidemia factors as manifested by its factor loadings. From the magnitudes and signs of the loadings, Lp-PLA 2 in the dyslipidemia factor is directly correlated with triglycerides but inversely correlated with HDL, LDL peak particle diameter, and apoAI. We designated this factor as "dyslipidemia" because of its similarity to the small LDL, high triglycerides, and low HDL dyslipidemia associated with metabolic syndrome. For the cholesterol-lipoprotein factor, Lp-PLA 2 was directly correlated with cholesterol and apoB, somewhat less correlated with apoAI, and even less correlated with triglycerides. This factor seemed to most closely represent hypercholesterolemia. We assessed the role of LDL-cholesterol in this factor with LDL estimates obtained with the Friedewald equation because direct LDL determinations were not available. LDL-cholesterol 
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as calculated by the Friedewald equation for the 715 patients of the total population of 766 who had triglycerides Ͻ4.52 mmol/L was highly correlated with total cholesterol (Spearman correlation coefficient ϭ 0.90; P Ͻ0.000001), suggesting the importance of LDL in this factor. Identification of the cholesterol-lipoprotein factor with LDL hypercholesterolemia was further supported by separate factor analysis results substituting LDL-cholesterol for total cholesterol. Results were essentially the same as with total cholesterol. Lastly, we found that Lp-PLA 2 had no significant association with any of the 3 remaining factors, including inflammation.
Lp-PLA 2 and risk of recurrent coronary events
Results (Table 3) of Cox multivariable regression models, using blood markers without and with Lp-PLA 2 and dichotomized as highest risk quartile vs the 3 lower risk quartiles combined, showed clinical covariates requiring adjustment, significant univariate markers along with corresponding dichotomization cut points, and hazard ratios (HRs) and 95% confidence intervals (CIs) for the 2 final multivariable models. Shown in Fig. 1 are KaplanMeier plots for the markers found to be significant in the univariate models (Lp-PLA 2 , apoB, cholesterol, and BMI, respectively) for comparisons. As shown in Table 3 , apoB was the only independent and significant risk factor for recurrent coronary events in the study population when Lp-PLA 2 is not included [HR (95% CI) ϭ 1.66 (1.14 -2.40); P ϭ 0.0005]; however, when Lp-PLA 2 was included, apoB lost significance whereas Lp-PLA 2 became the sole independent and significant risk factor in the population [HR (95% CI) ϭ 1.90 (1.31-2.75)]. Furthermore, the P values for overall model fit suggested better fit for the model with Lp-PLA 2 (P ϭ 0.00008) compared with the model without Lp-PLA 2 (P ϭ 0.0005). Calcium channel blockers successfully entered both multivariable models but did not change the independent contribution of either apoB or Lp-PLA 2 . To further explore the association of apoB and Lp-PLA 2 with recurrent risk with regard to cutpoint values, we ran proportional hazards models with apoB and Lp-PLA 2 quartile stratification, with Q1 the lowest concentration quartile and Q4 the highest concentration quartile. For both apoB and Lp-PLA 2 , the Q2/Q1 and Q3/Q1 comparisons did not attain significance, whereas the Q4/Q1 comparison did for both [HR (95% CI) ϭ 1.61 (0.099 -2.61) and 1.68 (1.04 -2.73), respectively]. This suggests that recurrent risk in each case is associated with the highest concentrations for both markers.
To address the concern that risk dependence associated with Lp-PLA 2 is often confounded by that of LDL-cholesterol, we entered into the model non-HDL-cholesterol (total cholesterol minus HDL-cholesterol) as a substitute 
Discussion
Results of this study in nondiabetic postinfarction patients demonstrated that high Lp-PLA 2 is a significant and independent predictor of risk for recurrent coronary events and that it replaces apoB as the only such predictor from a set of thrombogenic, lipid, inflammatory, and metabolic blood markers when Lp-PLA 2 is included in the model. Furthermore, the study demonstrated that Lp-PLA 2 is not correlated to CRP and several other inflammatory markers, but is related to both hypercholesterolemia and high triglyceride-low HDL dyslipidemia. Identification of Lp-PLA 2 as an independent predictor of risk of recurrent coronary events in our study population is consistent with findings of prospective studies as reviewed recently (6, 7 ) , with most showing significant and independent Lp-PLA 2 -associated risk as determined from multivariable models even after adjustment of other risk factors. Additionally, in a more recent study of patients undergoing coronary angiography, high Lp-PLA 2 was found to be a significant and independent risk factor for major adverse events (death, MI, coronary revascularization, and stroke) (14 ) . Our results agree well qualitatively with earlier studies, and additionally, Lp-PLA 2 HR (1.90) agrees well with the range of values reported in previous studies (1.18 -2.08) (7 ). Furthermore, our results also extend earlier reports, given that our study was on predictors of recurrent coronary events in a study population of patients with previous MI.
In the present study, we showed that adding Lp-PLA 2 to the multivariable model that previously demonstrated only apoB as an independent predictor of risk in the same study population (9 ) led to replacement of apoB by Lp-PLA 2 . This is similar to results of a study by Caslake et al. (15 ) showing in patients with coronary artery disease, in comparison with age-matched healthy controls, that Lp-PLA 2 was a stronger predictor of disease risk than was apoB.
CRP in our study did not achieve significance as a risk marker, not even in univariate analysis. This is in contrast to most other studies involving both CRP and Lp-PLA 2 , which indicated that CRP is a significant risk factor in multivariable models. These include the Women's Health Study (16 ) , the Atherosclerosis Risk in Communities study (17 ) , and the MONItoring of trends and determinants in CArdiovascular disease (MONICA) protocol (18 ) . On the other hand, CRP was not a significant predictor of risk in a multivariable model for men of the West of Scotland Coronary Prevention Study (WOSCOPS) who had coronary events (nonfatal MI, death from coronary heart disease, or coronary revascularization) vs controls (19 ) . This study population is similar to that of the current study, and interestingly, it gives similar results regarding CRP. Additionally, the mean CRP concentration in our study population (4.36 mg/L) was higher than in the previously cited studies, a finding consistent with the presence of higher extent of inflammatory processes in most patients of our study population, which could lead to less discrimination of risk based on high CRP concentrations.
In addition to assessing the role of Lp-PLA 2 as a risk factor in our study population, we also elucidated the relationships of Lp-PLA 2 with other blood markers, using correlation analysis, multiple regression, and factor analysis. Correlation analysis in our study population revealed no association of Lp-PLA 2 with CRP consistent with multiple previous studies (14, (17) (18) (19) (20) . However, in our study we also used factor analysis to investigate relationships among variables. Results revealed no association of Lp-PLA 2 with CRP and, furthermore, that there showing an almost even split in association of Lp-PLA 2 with a cholesterol-lipoprotein factor largely representative of total and LDL hypercholesterolemia and a dyslipidemia factor characterized by high triglycerides and low HDL. We speculate that Lp-PLA 2 in association with the hypercholesterolemia factor represents LDL-bound Lp-PLA 2 and that Lp-PLA 2 in association with the dyslipidemia factor represents HDL-bound Lp-PLA 2 . These findings are consistent with characteristics of patients in the high-risk upper quartile of Lp-PLA 2 concentration who, compared with patients in the combined lower 3 quartiles, had higher concentrations of total cholesterol and apoB and higher triglyceride concentrations, lower HDLcholesterol, and smaller LDL particles. The limitation of the present study in terms of failing to demonstrate significance regarding several traditional risk markers may relate to a lack of sufficient statistical power. Another concern centers on possible confounding effects of LDL-cholesterol regarding Lp-PLA 2 -associated risk for recurrent coronary events. Direct LDL determinations were not available for patients in the study to allow direct assessment of this concern. However, it seems unlikely that LDL-cholesterol would have a significant effect in this regard in view of a lack of such an effect in our study population of non-HDL-cholesterol in multivariable analysis and similar results in factor analysis when LDL-cholesterol calculated by the Friedewald equation was substituted for total cholesterol. Additionally, to confirm identification of the split association of Lp-PLA 2 with LDL-cholesterol (hypercholesterolemia) and HDLcholesterol (dyslipidemia), determination of Lp-PLA 2 -associated mass or activity in LDL and HDL fractions would be helpful.
In conclusion, we demonstrated in this study that circulating Lp-PLA 2 activity is a significant and independent risk factor for recurrent coronary events in nondiabetic postinfarction patients and that it replaces apoB as the sole predictor of risk when included in multivariable models. We also showed relationships of Lp-PLA 2 with both hypercholesterolemia and high triglycerides-low HDL dyslipidemia. These findings extend the role of increased Lp-PLA 2 as an emerging risk factor of CVD for primary events to recurrent coronary events in patients with previous MI.
